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LogD/LogP Assay                                                                              Revised on April 10, 2009

Aim/Rationale of LogD/LogP Protocol

LogD (distribution coefficient) is a measure of lipophilicity, a key factor affecting the biopharmaceutic and pharmacokinetic properties of a compound.  It partially or completely determines the solubility, absorption, tissue distribution, absorption, binding and renal excretion of a compound.  

It is typically measured by determining the partition of a compound between an organic solvent (octanol) and an aqueous buffer.  Since logD is pH dependent, the pH of the aqueous phase is always specified and is commonly measured at pH 7.4, the physiological pH of body fluids. 

For logP assay, the pH of the aqueous phase is commonly measured at pH 11.

The assay described in this document provides a rapid method to measure logD/logP values of test compounds.

Introduction and Assay Design Principles

The logD/logP assay is a miniaturized octanol/buffer shake flask method used to determine a test compound’s logD/logP value. Samples are analyzed using a triple quadrupole mass spectrometer 

Potential Limitations of the Assay

Potential limitations of the assay are:

· If the compound is extremely lipophilic or hydrophilic, the concentration in one of the phases will be exceedingly small, and thus difficult to quantify.

· Significant compound solubility must be attained since it can be difficult to detect small amounts of undissolved material.

Working solutions
Buffer (pH=7.4）

Weigh sodium phosphate monobasic dihydrate 3.9 g into a 250 mL bottle. 250 mL purified water was added. The pH of the final solution was adjusted to 7.4 with 1 M sodium hydroxide solution.
1-Octanol Saturated Buffer (pH=7.4)

· 100 ml of 1-octanol was added to 100 ml of buffer (sodium phosphate monobasic dihydrate 100 mM, pH 7.4).
· Buffer was vigorously shaken and left standing overnight at room temperature (25°C) before use.
· Buffer was taken and stored at room temperature for a maximum of 1 week.

Buffer (pH=7.4)-Saturated 1-Octanol

· 100 ml of buffer (pH 7.4) was added to 100 ml of 1-octanol. 

· 1-octanol was vigorously shaken and left standing overnight at room temperature before use.

· Saturated 1-octanol was taken and stored at room temperature for a maximum of 1 week.

Universal Buffer (pH=11）

Weigh acetic acid 0.6 g, boric acid 0.62 g, phosphoric acid 0.98 g into a 250 mL bottle. 250 mL purified water was added. The pH of the final solution was adjusted to 11 with 4 M sodium hydroxide solution.

1-Octanol Saturated Buffer (pH=11)

· 100 ml of 1-octanol was added to 100 ml of buffer (acetic acid 40 mM, boric acid 40 mM, phosphoric acid 40 mM, pH 11).
· Buffer was vigorously shaken and left standing overnight at room temperature (25°C) before use.

· Buffer was taken and stored at room temperature for a maximum of 1 week.

Buffer (pH=11)-Saturated 1-Octanol

· 100 ml of buffer (pH 11) was added to 100 ml of 1-octanol. 

· 1-octanol was vigorously shaken and left standing overnight at room temperature before use.

· Saturated 1-octanol was taken and stored at room temperature for a maximum of 1 week.
Internal Standard (IS) 

IS was dissolved in acetonitrile to a concentration of 2.5 mg/mL

1-Octanol IS Solution

3.5 mL of IS in 1 L of 50% methanol/50% water

Buffer (pH 7.4) IS Solution

3.5 mL of IS and 5 mL of 1-Octanol (saturated by buffer at pH of 7.4) in 1 L of 50% methanol/50% water

Buffer (pH 11) IS Solution

3.5 mL of IS and 5 mL of 1-Octanol (saturated by buffer at pH of 11) in 1 L of 50% methanol/50% water
Preparation of Compounds

Test compounds were requested as 10 mM solutions dissolved in dimethyl sulfoxide (DMSO) 
Nadolol, Mexiletine, Propranolol, Quinidine, Amitriptyline and Chlorpromazine for logD assay, or Sumatriptan, Metoprotol, Mexiletine, Propanolol and Verapamil for logP assay were dissolved in DMSO to a concentration of 10 mM and used as quality controls in each plate.
Method

Assay

Test compounds (10 mM in DMSO; 2 µL/well) and controls (10 mM in DMSO; 2 µL/well) were transferred in duplicate from storage tubes to the 96-well polypropylene cluster tubes.  To each well, buffer-saturated 1-octanol (149 µL/well) was added. Following the addition of 1-octanol saturated phosphate buffer (149 µL/well), the tubes were sealed with silicone well cap-mats. 
Each of the tubes was vigorously mixed on their sides for 10 minutes with a vortex shaker, then the addition of 1hour at a speed of 880 rpm at room temperature on a plate shaker. Following subjected to centrifugation at 2500 rpm for 15 minutes. After the cap-mats were removed from the tubes, aliquots (4 µL/well) from the 1-octanol phase were transferred into new 1 mL capacity plates containing 1-octanol IS solution (796 µL/well).  Aliquots (10 µL/well) from the buffer phase were transferred into other 1 mL capacity plates containing buffer IS solution (190 µL/well).
Different dilution factors may be used base on different triple quadrupole mass spectrometer and samples properties.

LC-MS Conditions

Sample analysis was performed using a triple quadrupole mass spectrometer. Diluted samples (10 µl) were injected onto a small cartridge HPLC column using an aqueous isocratic loading solvent, then flushed into the mass spectrometer with a fast gradient to organic elution solvent.  Peak areas were corrected by dilution factors and incorporating internal standard, and the ratio of the corrected peak areas were used to calculate the results (LogD/LogP value).

Data Analysis 

The LogD/LogP value for each compound was calculated using the following equation:
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Different dilution value in the equation will be performed with different dilution factor for sample handling.
QCs for LogD Assay
	Compound
	Molecular Formula
	Literature LogD Value
	Experimental LogD Value

	Nadolol
	C17H27NO4
	-1.43
	-1.26

	Mexiletine
	C11H17NO
	0.47
	0.64

	Propranolol
	C16H21NO2.HCl
	1.26
	1.21

	Quinidine
	C20H24N2O2
	2.04
	2.14

	Amitriptyline
	C20H23N.HCl
	2.80
	2.98

	Chlorpromazine
	C17H19ClN2S.HCl
	3.38
	3.25


QCs for LogP Assay
	Compound
	Molecular Formula
	Literature LogP Value
	Experimental LogP Value

	Sumatriptan
	C14H21N3O2S
	0.93
	0.96

	Metoprotol
	C15H25NO3
	1.88
	1.80

	Mexiletine
	C11H17NO
	2.57
	2.32

	Propranolol
	C16H21NO2.HCl
	3.21
	3.25

	Verapamil
	C27H38N2O4.HCl
	3.79
	4.15
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